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To increase the efficiency of aircraft develop-
ment, a simulation has been planned-out to test 
wing-shape in a virtual environment. The simu-
lation tests the efficiency of swept wings, which 
are angled towards the tail of an airplane, or the 
efficiency of forward swept wings, angled to-
wards the nose of the airplane. The simulation 
involves parameters to mimic real-world effects 
on virtual aircraft designs. Such simulations have 
been used by Boeing to replace the wind tunnel, 
saving time, money, and lives. In the future, such 
simulations may eliminate the hindrances of test-
ing what wing types belong on what aircraft.
Pour augmenter l'efficacité du développe-
ment de l'aéronef, une simulation a été conçue 
pour tester les configurations d'aile dans un envi-
ronnement virtuel. La simulation teste l'efficacité 
des ailes en flèche, qui sont inclinées vers la 
queue d'un avion, ou de l'efficacité des ailes en 
flèche vers l'avant, inclinée vers le nez de l'avion. 
La simulation imite les effets du monde réel sur 
un avion virtuel en utilisant plusieurs paramètres. 
Ces simulations ont été utilisées par Boeing pour 
remplacer la soufflerie, économisant du temps, 
de l'argent, et des vies. Dans l'avenir, ces simu-
lations peuvent éliminer les obstacles de tester 
quels types d'ailes appartiennent à quel avion.
Abstract
As we know, wings are the most important part 
of an airplane, especially when it comes to fight-
ers. There are two types of airplane wings being re-
searched by scientists, one is canard (swept wings), 
and the other is forward-swept wings. Canard wings 
have been widely for airplanes. However, forward-
swept wings are cutting-edge technology, and be-
lieved to be the next generation of wings. Simulations 
would let us know the advantages and disadvantag-
es of each type of wing, and can also give scientists 
other information about them.
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Objective
The objective of this research is to compare ca-
nard wings and forward-swept wings. We are going 
to do the research by calculating and performing mul-
tiple simulations with high performance computers.
Introduction
Air resistance acts on an automobile body, in-
creasing in proportion to the square of the running 
speed. The effect of air resistance on fuel consump-
tion is relatively small when running at a low speed, 
but at high-speeds (running at around 100 km/h), air 
resistance accounts for almost half the fuel consump-
tion. [1] In order to fix that problem aircraft designers 
created many types of wings. Some of the most pop-
ular ones are canard and forward-swept. Canard has 
great stability and support for fighters. 
Forward-swept wings are a configuration in which 
the quarter-chord line of the wing has a forward 
sweep, and the leading edge also sweeps. Aircraft 
with forward-swept wings are highly manoeuvrable 
at transonic speeds compared with aircraft using ca-
nard. 
We already know how useful HPC is for big firms. 
When Boeing made the 767 in the 1980s, they tested 
77 wing prototypes in the wind tunnel. When they 
made the 787 in 2005, they only tested 11. Boeing 
plans to bring that number down to three in the fu-
ture. Instead of physical wind tunnels, it uses virtual 
ones—simulations run on supercomputers—saving 
much time and money on new product development. 
[2]
Procedure
This simulation is to compare the ability of two 
types of wings: the forward-swept wings and tradi-
tional swept wings (canard). This program will be 
written in Python using a parallel algorithm. The con-
trolled variables will be the types of airplanes, the 
hardness, the amount of fuel and the temperature.
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In order to make the simulation less complicated, 
those variables will not be taken into consideration. 
The variables that will affect the wings are the 
amount of forces of the engine, the weight and size 
of the plane, the altitude, the direction and the inten-
sity of the wind and the weather conditions. For each 
of those factors, we will build functions and calcula-
tions. The altitude is set as a limit for the simulation. 
Each plane requires a minimum speed to maintain 
the level. The size of the plane would either be large 
or small. The larger it is, the greater the resistance. 
The speed would be calculated using the forces of 
the engine and the air resistance, which also relates 
to the direction and intensity of the wind. They would 
be calculated using certain formulas. Additionally, 
the weight would have two conditions, which are the 
light-weight for small airplanes and heavy-weight for 
large ones. The speed decreases when the weight 
increases because the engines have to waste cer-
tain amounts of force to maintain the current altitude. 
Each type of wing also has different relations with lift, 
which is the force perpendicular to the oncoming fluid 
flow direction. They could be calculated when the alti-
tude is changed. Furthermore, the weather condition 
would be either sunny or raining. Sunny would be the 
normal condition. However, when it is raining, water 
would be another variable that impacts the resis-
tance. Besides, the air resistance is different for each 
type of wing. The percentage of the influence for the 
canards is higher than the forward swept wings. 
We would simulate the environment for the air-
plane as close to reality as possible. Then several 
simulations would be conducted. First of all, we will 
test the different amounts of forces the engine pro-
vides in order to see which type of wings help the 
plane travel faster. 
Second, we will make the forces of the engine 
constant, and the weather sunny. The plane will be 
flying against the wind in certain degrees of intensity. 
In contrast, we will also make a test when the plane 
is flying with the wind, and all the other variables stay 
the same. Moreover, the two weather conditions are 
also tested for each circumstance. Regarding the 
weight, we will also test both light and heavy air-
planes. 
Finally, lift force is calculated for each of the simu-
lations. The results produced relating to the ability of 
each type of the wing would be expressed in terms 
of the speed and stability of the plane. The stabil-
ity relates to the stall and amount of lift force. The 
information could help us make various conclusions 
about the pros and cons of canard and forward-swept 
wings. 
Conclusion
The simulation we developed will help us test the 
ability of the two types of wings: the canard and the 
forward-swept wings. The results obtained from our 
simulation can help airplane designers to know the 
advantages and disadvantages of each type of wing 
in a more scientific way. By mathematical and physi-
cal proof, designers would be capable of developing 
airplanes with better qualities. In addition, a simula-
tion using high performance computers saves mon-
ey, which would be used to do tests in reality. Many 
test-pilot lives could be saved. Besides, this simula-
tion can be further developed for other complex pur-
poses, such as a simulation to test new airplanes and 
even ships. Compared to real life tests, a HPC simu-
lation is economical and scientifically accurate. 
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Figure 1. Swept wings 
(Canard)
Figure2. Forward-
swept wings 
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